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Description
Applicable field and prior art

[0001] The invention relates to a recapper for placing
foils on laboratory sample containers, to a laboratory au-
tomation system comprising such a recapper, and to a
method of recapping a sample container.

[0002] Laboratory automation systems typically com-
prise a number of pre-analytical, analytical and/or post-
analytical stations that are used to handle samples con-
tained in sample containers. Such sample containers
can, for example, be embodied as laboratory tubes. After
a sample has been processed in a station, it is often de-
sirable to place a foil or a cap on the sample container
in order to prevent spilling of the sample out of the sample
container and in order to prevent contamination.

[0003] For that purpose, so called recappers can be
used that automatically (re) place and secure foils on
sample containers. However, such recappers can be a
bottleneck in a laboratory automation system, thus limit-
ing throughput.

Object and solution

[0004] It is an object of the invention to provide for a
recapper that is adapted to operate with a high through-
put, to provide for a laboratory automation system com-
prising such a recapper, and to provide for a method of
recapping a sample container that is adapted for a high
throughput.

[0005] This object is solved by a recapper according
to claim 1, arecapper according to claim 13, a laboratory
automation system according to claim 14 and a method
according to claim 15.

[0006] Theinvention relates to arecapper for (re) plac-
ing foils and/or caps on laboratory sample containers.
The recapper comprises a foil magazine. The recapper
further comprises a sample container holder being hori-
zontally distant from the foil magazine, the sample con-
tainer holder being adapted to hold a sample container.
The sample container holder can be adapted to hold the
sample container in an upright orientation and/or in a
recapping position. The recapper further comprises a le-
ver arrangement comprising a number (e.g. an integer
multiple of 2) of levers, each lever having a respective
foil transport element. The recapper further comprises a
rotating device.

[0007] Each lever is attached to the rotating device
such that with rotation of the rotating device, the lever
rotates in a horizontally aligned plane. Especially, the
respective leverrotates about a vertical axis. The respec-
tive lever rotates between a first orientation and a second
orientation, wherein it should be noted that also further
orientations (third, fourth ... orientation) are possible.
[0008] In the first orientation, the foil transport element
ofthe leveris positioned at the foil magazine for collecting
a foil from the foil magazine, and in the second orientation
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the foil transport element of the lever is positioned at the
sample container holder to place the foil on the sample
container.

[0009] With the inventive recapper, itis possible to sig-
nificantly increase throughput compared to recappers
known from the prior art. Especially, rotating levers can
be operated significantly faster than linear transport
mechanisms that are typically used in prior art recappers.
[0010] The inventive recapper may take out foils from
the foil magazine and transport them to the sample con-
tainer at high speed. Afterwards, the foil can be secured
to the sample container. The same can be done with caps
if they are contained in the foil magazine. Thus, the re-
capper can in general be used both with foils and with
caps. It should be noted that whenever the word "foil" is
used in the specification, the word "cap" could also have
been used. The disclosure of this application thus com-
prises usage of foils and caps equally.

[0011] According to an embodiment, the foil magazine
is positioned above the lever arrangement. The foils or
caps contained in the foil magazine can thus easily be
taken out in order to be positioned in the foil transport
element by pulling it out of the magazine in a downward
direction. Alternatively, the magazine can, for example,
be adapted to let a foil fall out of the magazine.

[0012] According to an embodiment, a vacuum device
is positioned below the lever arrangement, preferably
straight below the foil magazine, for moving the foil from
the foil magazine in a foil transport element placed below.
Such a vacuum device may be adapted to be moved
through the foil transport element to the foil magazine to
abut the foil and to apply a vacuum to the foil for securing
the foil to the vacuum device. The vacuum device may
further be adapted to be lowered from the foil magazine
in a position in which the foil is contained in the foil trans-
portelementand to release the foil by ceasing application
of the vacuum.

[0013] With such a vacuum device, foils can easily be
removed from the foil magazine and can be placed in the
foil transport element of the respective lever.

[0014] The vacuum device may be driven by a link mo-
tion and/or by a spring. In particular, vertical motion of
the vacuum device can be driven in such a way.

[0015] It should be noted that in a typical implementa-
tion the vacuum device penetrates through a hole in the
lever that is defined by the respective foil transport ele-
ment.

[0016] According to an embodiment, the rotating de-
vice is adapted to move the lever arrangement between
an upper position and a lower position. In the upper po-
sition, the lever arrangement can rotate freely, wherein
in the lower position the foil contained in a foil transport
element abuts the sample container. With such an ar-
rangement, a vertical distance between an upper side of
a sample container on which the foil should be placed
and a lower side of the foil magazine can be accounted
for. Typically, a lever that has just loaded a foil below the
foil magazine is rotated while being in the upper position
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such that the foil is positioned above the sample contain-
er, wherein the lever is subsequently lowered such that
the foil abuts the sample container and can be secured
to the sample container, for example by heating.

[0017] According to an embodiment, the sample con-
tainer holder is positioned below the lever arrangement
such that the sample container being held in the sample
container holder is positioned below the lever arrange-
ment. The sample container holder can be positioned
such that a foil transport element of a lever is positioned
above the sample container holder when the respective
lever is in its second orientation.

[0018] According to an embodiment, a heating device
is positioned above the lever arrangement and is oper-
able to heat a foil after the foil has been brought into
contact with the sample container by a lever. Such a heat-
ing device can be used in order to seal the sample con-
tainer with the foil. It should, however, be noted that also
other means for securing a foil on a sample container
can be used, for example by using adhesives or by using
positive connections.

[0019] According to an embodiment, the heating de-
vice is adapted to be moved between an upper position
and a lower position, wherein in the lower position the
heating device abuts a foil being in contact with a sample
container being held in the sample container holder. Such
an implementation can be used in order to allow free
rotation of a lever when the heating device is in its upper
position, and to allow sealing of a foil to a sample con-
tainer by lowering the heating device. It should be noted
that in a typical implementation, the heating device com-
prises a number of resistive heaters in order to heat the
foil.

[0020] Accordingtoanembodiment, eachfoil transport
element is embodied as a through-hole extending verti-
cally through a corresponding lever with a landing or step
for holding the foil inside the through-hole. By means of
such an arrangement, a foil can be taken out of the foil
magazine and can be placed on the landing, especially
during transport to the sample container. Typically, an
inside part of the through-hole at and below the landing
will also be free of any material, such that, for example,
a vacuum device as discussed above can penetrate
through the through-hole and can abut a foil being held
in the foil magazine.

[0021] According to an embodiment, all levers of the
lever arrangement are arranged with equal angle be-
tween them in a horizontal plane. This can simplify con-
struction and operation of the recapper.

[0022] Accordingtoanembodiment, the leverarrange-
ment comprises a first lever and a second lever, wherein
the first lever and the second lever are arranged with an
angle of 180° between them in a horizontal plane. Such
an arrangement with two levers has been proven suitable
for a fast and reliable operation of the recapper. In such
a case, the rotating device may especially be adapted to
rotate the lever arrangement by an angle of 180°.
[0023] According to an embodiment, the rotating de-
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vice is solely adapted to rotate the lever arrangement by
a specific angle, preferably 180°, in both rotating direc-
tions. Usage of both rotating directions significantly sim-
plifies construction of the rotating device, especially com-
pared with implementations that require continuous ro-
tational motion in one rotational direction.

[0024] According to an embodiment, the recapper
comprises a foil magazine handling device being adapted
to change and/or move the foil magazine. This can be
used in order to automatically change the foil magazine.
For example, in the case when a foil magazine is empty,
a newly supplied foil magazine being fully loaded can be
transported to the place where the empty foil magazine
was placed before. The empty foil magazine can be re-
moved. This allows an even higher degree of automation,
thus minimizing need for manual operation.

[0025] According to an embodiment, the recapper
comprises a sample container exchange device being
adapted to exchange orreplace a sample container being
held in the sample container holder after recapping by
another sample container. This can allow for automatic
exchange of sample containers after a specific sample
container has been sealed with a foil. Especially in this
case, automatic operation can significantly increase
throughput compared with manual operation.

[0026] The invention relates further to a recapper for
placing foils on laboratory sample containers. The recap-
per is adapted for speed-optimized transport of sealing
material, especially foils, to sample containers, especial-
ly laboratory tubes. Preferably, the recapper is embodied
according to the invention as described above. With re-
gard to such a recapper, all variations and implementa-
tions as discussed herein can be applied.

[0027] The invention relates further to a laboratory au-
tomation system. The laboratory automation system
comprises a number of pre-analytical, analytical and/or
post-analytical stations. It further comprises a recapper
according to the invention, the recapper being adapted
to weld foils on sample containers containing samples
that are to be processed or have been processed by one
or more of the stations.

[0028] Pre-analytical stations may be adapted to per-
form any kind of pre-processing of samples, sample con-
tainers and/or sample container carriers.

[0029] Analytical stations may be adapted to use a
sample or part of the sample and a reagent to generate
ameasuring signal, the measuring signal indicating ifand
in which concentration, if any, an analyte exists.

[0030] Post-analytical stations may be adapted to per-
form any kind of post-processing of samples, sample
containers and/or sample container carriers.

[0031] It should be noted that all embodiments, imple-
mentations or other details as discussed herein with re-
spect to the inventive recapper can also be applied to
the recapper of the inventive laboratory automation sys-
tem.

[0032] The pre-analytical, analytical and/or post-ana-
lytical stations may comprise at least one of a decapping
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station, a recapping station, an aliquot station, a centrif-
ugation station, an archiving station, a pipetting station,
a sorting station, a tube type identification station, and a
sample quality determining station.

[0033] The invention relates further to a method of re-
capping a sample container. Preferably, the method is
performed using a recapper according to the invention,
wherein all implementations and variations as discussed
herein can be applied. The method comprises the follow-
ing steps:

- taking a foil out of a foil magazine, preferably by a
vacuum device,

- putting the foil in a foil transport element of a lever,

- rotating the lever such that the foil is positioned over
the sample container,

- moving the lever down such that the foil abuts the
sample container, and

- welding the foil on the sample container, preferably
by a heating device.

[0034] The method just described provides for a fast
and efficient recapping of sample containers, especially
in a laboratory automation system. It should be noted
that all embodiments, implementations or other details
as discussed herein with respect to the inventive recap-
per can also be applied to the inventive method. Further-
more, all embodiments, implementations or details dis-
closed with respect to the inventive method can also be
applied for the inventive recapper.

[0035] According to an embodiment, the method in-
cludes a step of moving the lever up before it is rotated.
Especially, the lever can be moved up from the sample
container after having placed a foil on the sample con-
tainer. This typically allows free movement of the lever.
[0036] The lever can be part of a lever arrangement
as discussed above. Especially, the lever arrangement
may comprise two levers being arranged with an angle
of 180° in between, and a rotating device may be used
in order to rotate the levers by 180° in both directions.
[0037] The invention relates further to a recapper with
a control unit, the control unit being configured to perform
a method as just described. The recapper may be a re-
capper according to the invention. With regard to the re-
capper and the method, all embodiments, variations and
details as discussed herein can be applied.

[0038] The control unit can especially comprise proc-
essor means and storage means, wherein program code
is stored in the storage means that causes the processor
means to perform a specific method when executed by
the processor means.

Brief description of the drawing

[0039] Furtherdetails and advantages will be apparent
from the following description of an embodiment which
is given with respect to the enclosed drawing, in which
fig. 1 shows a recapper according to the invention.
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Detailed description of the embodiment

[0040] Fig. 1 shows arecapper 100. The recapper 100
comprises a lever arrangement 105 having a first lever
110 and a second lever 115. The first lever 110 and the
second lever 115 are arranged horizontally and with an
angle of 180° between them.

[0041] The levers 110, 115 abut each other just below
a rotating device 140, wherein the rotating device 140 is
adapted to rotate both levers 110, 115 horizontally about
a vertical axis 142.

[0042] The rotating device 140 is shown as a vertical
rod in fig. 1 for the purpose of simplification, wherein it
should be understood that the rotating device 140 will
typically have a drive means such as an electric motor
that is not shown in fig. 1.

[0043] Below the lever arrangement 105, there is ar-
ranged a sample container holder 120 in which a sample
container 125 is held. The sample container 125 is shown
exemplarily for a sample container on which a foil should
be placed. The sample container 125 is partially filled
with a sample.

[0044] Inthefirstlever 110, there is arranged a first foil
transport element 112. Similarly, there is arranged a sec-
ond foil transport element 117 in the second lever 115.
The both foil transport elements 112, 117 are similarly
embodied as through-holes with a respective step 113,
118 in the vertical middle of the respective lever 110,
115. This allows a foil to be placed on the step 113, 118,
while the foil can be loaded from above and can be un-
loaded from below the respective lever 110, 115. Exem-
plarily, there is shown a foil 127 in the second transport
element 117.

[0045] Above the lever arrangement 105, there is ar-
ranged a foilmagazine 130. The foil magazine 130 stores
a plurality of foils 135 that are to be used for recapping
sample containers. The foil magazine 130 can be re-
placed by a foil magazine handling means 137 such that
anew foil magazine can be installed in case the foil mag-
azine 130 is empty. The foil magazine handling means
137 is only shown schematically in fig. 1.

[0046] Below the lever arrangement 105 and vertically
straight below the foil magazine 130 there is arranged a
vacuum device 150 that is placed on an elevation means
155. The elevation means 155 allows the vacuum device
150 to be moved in the vertical direction just below the
foil magazine 130.

[0047] Starting from the position shown in fig. 1, the
vacuum device 150 can be moved up until it abuts a foil
135in the foil magazine 130. Then, a vacuum is activated
such that the foil 135 is secured to the vacuum device
150. The vacuum device 150 then moves down until the
foil 135 lies on the step 113 of the first foil transport ele-
ment 112. Then, the vacuum is deactivated and the vac-
uum device 150 moves further down below the lever ar-
rangement 105. With such a process, a foil 135 has been
taken out of the foil magazine 130 and has been placed
into the foil transport element 112 for transporting the
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respective foil 135 to the sample container 125.

[0048] After having placed a foil into one of the foil
transport elements 112, 117, the lever arrangement 105
is rotated by 180° using the rotating device 140. Then,
this foil is in a position as shown with the foil 127 in fig. 1.
[0049] Above the lever arrangement 105 and vertically
straight above the sample container holder 120, there is
arranged a heating device 160. The heating device 160
can be used in order to secure a foil on the sample con-
tainer 125 by means of heat.

[0050] The rotation device 140 is further adapted to
move the lever arrangement 105 in the vertical direction.
Especially, starting from the state shown in fig. 1, it is
possible to lower the lever arrangement 105 such that
the foil 127 that is shown here in the second foil transport
element 117 abuts the sample container 125 from above.
Afterwards, the heating device 160 heats up the foil 127
on the sample container 125 such that the foil 127 is
secured to the sample container 125 by means of heat.
[0051] After each such an operation of placing a foil
127 on a sample container 125, the lever arrangement
105 is moved up again, a new foil 135 is taken out of the
foilmagazine 130, is brought to the sample container 125
and is secured in the same way as just described. It
should be noted that each of the foil transport elements
112, 117 can be loaded with a foil 127, 135 every time
the respective foil transport element 112, 117 is moved
from the foil magazine 130 to the sample container 125.
This allows for a very high throughput.

[0052] The recapper 100 thus allows for a reliable and
fast recapping of sample containers 125 with respective
foils 127, wherein each recapping step only takes a very
short amount of time. The sample container 125 can be
exchanged by a sample container exchanging means
thatis notshowninfig. 1 such that an automatic operation
in recapping of sample containers is permitted.

Claims

1. Recapper (100) for placing foils (127, 135) on labo-
ratory sample containers (125), wherein the recap-
per (100) comprises:

- a foil magazine (130),

- a sample container holder (120) being horizon-
tally distant from the foil magazine (130), the
sample container holder (120) being adapted to
hold a sample container (125),

- a lever arrangement (105) comprising a
number of levers (110, 115), each lever (110,
115) having a respective foil transport element
(112, 117), and

- a rotating device (140),

- wherein each lever (110, 115) is attached to
the rotating device (140) such that with rotation
of the rotating device (140) the lever (110, 115)
rotates horizontally between a first orientation

10

15

20

25

30

35

40

50

55

and a second orientation,

- wherein in the first orientation the foil transport
element (112, 117) of the lever (110, 115) is po-
sitioned at the foil magazine (130) for collecting
afoil (127, 135) from the foil magazine (130), and
- wherein in the second orientation the foil trans-
port element (112, 117) of the lever (110, 115)
is positioned at the sample container holder
(120) to place the foil (127, 135) on the sample
container (125).

2. Recapper (100) according to claim 1,
characterized in that

- the foil magazine (130) is positioned above the
lever arrangement (105).

3. Recapper (100) according to one of the preceding
claims,
characterized in that

- avacuum device (150) is positioned below the
lever arrangement (105), preferably straight be-
low the foil magazine (130), for moving the foil
(127, 135) from the foil magazine (130) in a foil
transport element (112, 117).

4. Recapper (100) according to claim 3,
characterized in that

- the vacuum device (150) is adapted to be
moved through the foil transport element (112,
117) to the foil magazine (130) to abut the foil
(127, 135) and to apply a vacuum to the foil (127,
135) for securing the foil (127, 135) to the vac-
uum device (150), and

- the vacuum device (150) is adapted to be
moved down from the foil magazine (130) in a
position in which the foil (127, 135) is contained
in the foil transport element (112, 117) and to
release the foil (127, 135) by ceasing application
of the vacuum.

5. Recapper (100) according to one of the preceding
claims,
characterized in that

- therotating device (140) is adapted to vertically
move the lever arrangement (105) between an
upper position and a lower position,

-wherein in the upper position the lever arrange-
ment (105) can rotate freely, and

- wherein in the lower position the foil (127, 135)
contained in a foil transport element (112, 117)
abuts a sample container (125).

6. Recapper (100) according to one of the preceding
claims,
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characterized in that

- the sample container holder (120) is positioned
below the lever arrangement (105) such that the
sample container (125) being held in the sample
container holder (120) is positioned below the
lever arrangement (105).

Recapper (100) according to one of the preceding
claims,
characterized in that

- a heating device (160) is positioned above the
lever arrangement (105) and is operable to heat
afoil (127, 135) after the foil (127, 135) has been
brought into contact with a sample container
(125) by a lever (110, 115).

Recapper (100) according to claim 7,
characterized in that

- the heating device (160) is adapted to be ver-
tically moved between an upper position and a
lower position,

-wherein in the lower position the heating device
(160) abuts afoil (127, 135) being in contact with
a sample container (125) being held in the sam-
ple container holder (120).

Recapper (100) according to one of the preceding
claims,
characterized in that

- each foil transport element (112, 117) is em-
bodied as a through-hole extending vertically
through a corresponding lever (110, 115) with a
landing (113, 118) for holding the foil (127, 135)
inside the through-hole.

Recapper (100) according to one of the preceding
claims,
characterized in that

- all levers (110, 115) of the lever arrangement
(105) are arranged with equal angle between
them in a horizontal plane.

Recapper (100) according to one of the preceding
claims,
characterized in that

- the lever arrangement (105) comprises a first
lever (110) and a second lever (115),

- wherein the first lever (110) and the second
lever (115) are arranged with an angle of 180°
between them in a horizontal plane.

Recapper (100) according to one of the preceding
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claims,
characterized in that

- the rotating device (140) is solely adapted to
rotate the lever arrangement (105) by a specific
angle, preferably 180°, in both rotating direc-
tions.

13. Recapper (100) for placing foils (127, 135) on labo-

ratory sample containers (125),

- the recapper (100) being adapted for speed-
optimized transport of sealing material, espe-
cially foils (127, 135), to sample containers
(125), especially laboratory tubes,

- the recapper (100) being preferably embodied
according to one of the preceding claims.

14. Laboratory automation system, comprising:

- a number of pre-analytical, analytical and/or
post-analytical stations, and

- a recapper (100) according to one of the pre-
ceding claims, therecapper (100) being adapted
to weld foils (127, 135) on sample containers
(125) containing samples that are to be proc-
essed or have been processed by one or more
of the stations.

15. A method of recapping a sample container (125),

preferably using a recapper (100) according to one
of claims 1to 13, the method comprising the following
steps:

- taking a foil (127, 135) out of a foil magazine
(130), preferably by means of a vacuum device
(150),

- inserting the foil (127, 135) in a foil transport
element (112, 117) of a lever (110, 115),

- rotating the lever (110, 115) such that the foil
(127, 135) is positioned over the sample con-
tainer (125),

- lowering the lever (110, 115) such that the foil
(127, 135) abuts the sample container (125),
and

- welding the foil (127, 135) on the sample con-
tainer (125), preferably by means of a heating
device (160).
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